The filamentous fungus Aspergillus flavus produces a family of toxic and carcinogenic secondary metabolites called aflatoxins in a number of important food sources, including corn and peanuts. Extensive studies on the biosynthesis of aflatoxin have resulted in the isolation of a number of pathway intermediates and a proposed pathway (6, 26 ), yet only two of the enzymes involved in the pathway have been isolated and characterized (4, 11) and little is known about the regulation of aflatoxin biosynthesis.
Because enzymes in the pathway are difficult to isolate by biochemical methods, we are attempting to isolate genes coding for pathway enzymes via complementation of mutants blocked in aflatoxin biosynthesis. We recently developed a genetic transformation system for A. flavus by using the pyr4 gene from Neurospora crassa as a selectable marker (23) . This system allows easy selection of transformants, but it requires that recipient strains be uracil auxotrophs. In studies in which several pathway enzyme mutants are to be transformed, it is desirable to have a dominant selectable marker that allows selection without prior manipulation of the recipient strain.
The fungicide benomyl has been used as a dominant selective marker in other fungi (18) ; however, our attempts to select transformants by using heterologous 3-tubulin genes from A. nidulans and N. crassa, known to confer benomyl resistance, were unsuccessful (C. P. Woloshuk and G. A. Payne, unpublished data). Because homologous genes have increased transformation efficiencies in some systems (18, 22) , this study was initiated to isolate a native ,-tubulin gene from a benomyl-resistant strain of A. flavus and use it as a selectable marker for transformation. In this communi-pRG3 was a gift from G. S. May, Baylor University. Cosmid pCW10 was constructed from pRG3 as described previously (24) . The genomic library construction essentially followed the procedures used in construction of cosmid libraries previously published for other filamentous fungi (23, 25) . Insert DNA was prepared by partial digestion of the A.
flavus DNA with Sau3A. The DNA (500 jig) was fractionated on a 1 to 5 M NaCI gradient and centrifuged in a Beckman SW-28 rotor at 25,000 rpm for 12 h. The region of the gradient containing DNA ranging in size from 35 to 45 kb was used for insertion into pCW10. The cosmid vector pCW10 was digested to completion with BamHI followed by dephosphorylation with calf intestinal alkaline phosphatase.
Insert DNA (2 pLg) was ligated overnight with 3 jig of dephosphorylated vector DNA (vector/insert molar ratio, 9:1) in 20 ,u. A 2-,ul sample of the ligation mixture was treated with a lambda packaging extract. The packaged cosmids were used to transfect E. coli DH1 as described previously (10) (Fig. 1) . The similar pattern of hybridization found with the genomic DNA and the cosmid DNA indicates that the correct flanking sequences are present in the cloned ,-tubulin gene.
A 3.4-kb HindIII-PstI fragment from cosmid 14C, containing the ,-tubulin gene, was subcloned into plasmid pRG3, a transformation vector for A. flavus (24) which contains the selectable marker pyr4. The resulting plasmid, pBRG4, was used in further transformation experiments and is shown in A. flavus 774-2 was transformed by plasmid pBRG4, and transformants were selected on medium lacking uracil. The efficiency of transformation (3 transformants per jig of DNA) was similar to that of plasmid pRG3 (24) . Of the 30 transformants examined for resistance to MBC, expression of resistance varied and could be grouped into three discrete phenotypes (Fig. 3 ). Six transformants were as sensitive as the recipient strain and would not grow on medium containing 1.0 jig of MBC per ml. Nineteen were intermediate in expression of resistance and grew on medium containing either 1.0 jig of MBC per ml (12 transformants) or 2.5 jig of MBC per ml (7 transformants). The five remaining transformants were resistant to 5.0 jig of MBC per ml. These transformants were cultured several times over a 2-year period, and each maintained its respective resistance to MBC.
Transformants were also selected directly on medium containing MBC. The concentration of MBC that allowed clear identification of MBC transformants varied among experiments, but was in the range of 1.2 to 1.6 jig of MBC per ml (Fig. 4) Sequence of the j8-tubulin gene. We sequenced 2.182 kb of the 3.4-kb insert in pBRG4 (Fig. 6) . The amino acid sequence of ,-tubulin from A. flavus has not been determined; therefore, the coding region of the P-tubulin gene was located by using the published nucleotide and amino acid sequences of the benA gene of A.
nidulans. An open reading frame was identified with 98% amino acid homology to the benA gene of A. nidulans. A comparison of the remaining amino acids with those of benA showed R-group similarity (7) in all but three. Seven introns (IVS1 to IVS7) were predicted in the A. flavus gene ranging in size from 53 to 128 bp. The positions of these introns are identical to those in A. nidulans; however, intron 6 of A. nidulans is absent in A. flavus. Five introns (IVS1 through IVS5) are concentrated in the 5' third of the coding region, and two (IVS6 and IVS7) are located in the 3' third. Because this is the first sequenced gene from A. flavus, no consensus sequence has been established for the intron splice sites. However, analysis of the seven predicted 5' and 3' splice sites (Fig. 7) indicates that these sites conform to the GT-AC rule (14) , and the splice sites are in agreement with the established consensus sequences of other fungi (9, 13, 19) . It is apparent from the sequence data that the A. flavus 1-tubulin gene contains one more amino acid than does the benA gene. An additional amino acid (leucine) is present at the beginning of the last exon.
The entire sequenced region from A. flavus has a G+C content of 54%; the G+C content is 57% in the coding region and 47% in the introns. Again, this is very similar to the benA gene of A. nidulans, which as a G+C content of 56.8% (Table 1) . This supports the hypothesis that genes expressed at high levels, such as the P-tubulin gene, have a more limited codon usage than genes expressed at low levels (3). Sequence analysis of the 5' noncoding region of the A. flavus 3-tubulin gene does not reveal TATA box or CAATlike regions, although there is a pyrimidine-rich region at bp -147 to -114 upstream from the initiation codon. Additionally, the AUG initiation codon is preceded by the sequence CCACA, which agrees with the consensus sequence (C/T) (A/C)ACA reported for Aspergillus species (1, 8) . The sequence of the region 3' to the termination codon does not show the AATAAA polyadenylation signal typical of higher eucaryotes; however, this signal is not well conserved in other filamentous fungi (1 (29) that is absent in the benA gene of A. nidulans. A high degree of similarity between the r-tubulin genes from these two fungi may be expected, as the anamorphs of these fungi are in the same genus; however, the true relatedness of these fungi cannot be confirmed because no teleomorph is known for A.flavus. Typical of other genes in filamentous fungi, the introns of the A. flavus ,B-tubulin gene are relatively short and the majority are found in the 5' third of the coding sequence. The splice site sequences for the 5', internal, and 3' regions of A. flavus contain pyrimidine-rich regions at bp -147 to -114. Other filamentous fungal genes have similar pyrimidine-rich regions which precede their transcriptional start sites as determined by Si nuclease and primer extension analysis (1, 13, 19) . The start site in the A. flavus gene may also be located near this region; however, this must be confirmed by further experimentation. In N. crassa, a single thymine-to-adenine transversion resulting in a phenylalanine-to-tyrosine change at amino acid 167 has been reported to be responsible for resistance to benomyl (19) . It is interesting that in the A. flavus P-tubulin gene conferring resistance to benomyl, the base at position 167 is also an adenine and the respective triplet codes for a tyrosine. This suggests that the mutation conferring resistance to benomyl in N. crassa may also confer resistance to benomyl in A. flavus.
The ability to use the altered 3-tubulin gene allows us to transform isolates of A. flavus without prior mutation to auxotrophy. The low frequency of transformation limits the use of this selective marker for screening genomic libraries; however, the frequency is sufficient to determine whether specific genomic clones complement mutants blocked in the aflatoxin biosynthetic pathway. For example, we have identified genomic clones that hybridize to cDNAs prepared from mRNAs induced during aflatoxin biosynthesis (unpublished data). By using the r-tubulin transformation system, we can determine whether these clones complement the various pathway mutants.
